Oesophageal cancer affects more than 450000 people worldwide and despite continued medical advancements the incidence of oesophageal cancer is increasing. Oesophageal cancer has a 5 year survival of 15%-25% and now globally attempts are made to more aggressively diagnose and treat Barrett's oesophagus the known precursor to invasive disease. Currently diagnosis the of Barrett's oesophagus is predominantly made after endoscopic visualisation and histopathological confirmation. Minimally invasive techniques are being developed to improve the viability of screening programs. The management of Barrett's oesophagus can vary greatly dependent on the presence and severity of dysplasia. There is no consensus between the major international medical societies to determine and agreed surveillance and intervention pathway. In this review we analysed the current literature to demonstrate the evolving management of metaplasia and dysplasia in Barrett's epithelium. Core tip: Barrett's esophagus is a premalignant condition. Its malignant sequela, esophagogastric junctional adenocarcinoma, has a mortality rate of over 85%. The risk of developing esophageal adenocarcinoma in people who have Barrett's esophagus has been estimated to be 6-8 per 1000 person-years. Early identification of Barrett's and adjusted management is very important to decrease oesophageal cancer related deaths worldwide.
INTRODUCTION
Differentiation to columnar cells that are normally found in the more distal gastrointestinal tract is the result of over exposure to acid and bile reflux in the lower oesophagus. Cells that have undergone metaplasia are at a greater risk of developing dysplasia and subsequently invasive cancer (Figure 1 ). Barrett's oesophagus (BO) is defined as an oesophagus in which any portion of the normal distal squamous epithelial lining has been replaced by metaplastic columnar epithelium, which is clearly visible endoscopically (≥ 1 cm) above the gastro-oesophageal junction (GOJ) and confirmed histopathologically on oesophageal biopsies [1] . The potential for patients with BO to develop invasive cancer has led to the development of national surveillance programs to identify and manage patients at risk of oesophageal cancer. Current meta-analysis suggests that the overall incidence of oesophageal adenocarcinoma occurring in BO is around 3-17 per 1000 person years [2] [3] [4] [5] [6] [7] [8] [9] . The proportion of the oesophagus affected by BO is a key BO determinant in cancer risk. Annual cancer transition rates in BO have been estimated at 0.22%, 0.03% and 0.01% for long (> 3 cm), short (1-3 cm) and ultra-short (1 cm) BO [10] . At such rates the number of patients who would need to undergo an upper endoscopy to find one cancer per year is 450 patients with a long-segment, 3440 with a shortsegment and 12 365 with an ultra-short-segment BO [10] . Risk of transition is not only dependent on the extent of BO but the severity of dysplasia. The annual risk of oesophageal cancer is approximately 0.25% for patients without dysplasia and 6% for patients with high-grade dysplasia [11] . Oesophageal cancer affects more than 450000 people worldwide and despite continued medical advancements the incidence of oesophageal cancer is increasing [12] [13] [14] [15] [16] . In England and Wales from 1971 to 2001 the incidence of oesophageal cancer rose 40% every 5 years [15] . Oesophageal cancer has a 5 year survival of 15%-25% and attempts to identify, survey and treat BO are to reduce this incidence [14, 17] . BO is largely asymptomatic and the sub-population that present for medical attention may well differ from the total population of BO sufferers [17] . This makes it particularly challenging to determine the true prevalence of BO which is unknown but estimated to be approximately 1.6%-8.0% [18, 19] . Reflux is a common problem with prevalence estimates 8.8%-25.9% in Europe, 18.1%-27.8% in North America, 2.5%-7.8% in East Asia, 8.7%-33.1% in the Middle East, 11.6% in Australia and 23.0% in South America. In the United Kingdom and United States the incidence was approximately 5 per 1000 person-years [20] . Not all patients with reflux will develop BO but reflux is the presumed precipitant in the majority of cases. In patients suffering from reflux the male gender, increasing age, an increased BMI, increased waist circumference independent of BMI, duration of reflux symptoms, and presence of a hiatal hernia with all associated with an increased risk of developing BO [21, 22] . The risk of patients with BO developing high-grade dysplasia and oesophageal adenocarcinoma was increased in men, smokers, those with a decreased fruit and vegetable intake, and those with a long segment of Barrett's oesophagus, but not with increased age, BMI, or a hiatal hernia [21] .
DIAGNOSIS
The diagnosis of BO is achieved through endoscopic visualisation and histopathological confirmation. Indications for endoscopy include symptoms of reflux, dyspepsia, dysphagia, gastrointestinal bleeding, iron deficiency anaemia and visualisation of an imaging identified abnormality. Currently standard upper gastrointestinal endoscopy is the gold standard method to diagnose BO. Trans-nasal endoscopy has also been shown to be accurate and well tolerated with a sensitivity and specificity of 98% and 100% respectively [23, 24] . Identification of the GOJ is key in determining the presence and extent of BO. This can be done by identifying the confluence of the distal end of the palisade vessels and the proximal end of the gastric folds however peristalsis, oesophagitis and insufflation can potentially make these landmarks inconsistent. It is important to identify the presence of an irregular Z line in order not to mistake this for BO. Despite these recognised anatomical landmarks documentation is challenging and there is the potential for inter and intra-observer variation [25] [26] [27] (Figure 2 ).
For initial diagnostic purposes standard white light endoscopy (WLE) Nis often used for the identification of BO. High resolution WLE has been shown to have better targeted detection of any dysplasia in BO surveillance and a higher sensitivity of detecting early neoplastic lesions [28] [29] [30] . However high resolution WLE alone does not alter the need for random biopsies when identifying BO. Chromoendoscopy has also been used to improve the detection of BO. It involves the application of methylene blue that selectively reacts with and highlights various mucosal features, theoretically improving the detection of abnormalities [31] [32] [33] [34] [35] [36] [37] . Currently advanced imaging modalities, such as chromoendoscopy or electrical chromoendoscopy, are not superior to standard white light endoscopy or high resolution WLE in BO surveillance and are therefore not recommended for routine use [1, 29] . Narrow band imaging has also been used in attempt to improve the detection of BO. A restricted spectrum of light is used to enhance capillary blood flow in order to highlight areas of metaplasia or dysplasia. It has not been shown to be superior to white light endoscopy and random biopsy in screening and is therefore not advocated for routine use [38] . The Prague Criteria were developed in order to standardise the reporting of BO in order to minimise observer variation. The Prague Criteria give explicit guidance on the endoscopic recognition of BO and grading of its extent. The criteria included assessment of the circumferential (C) and maximum (M) extent of the endoscopically visualized BO segment as well as endoscopic landmarks [39] . The use of the Prague criteria has been adopted widely and has been shown to be easily used by both experienced clinicians and trainees alike [40, 41] . There has been some criticism that the criteria do not allow for detailed descriptions of short and ultra-short BO. Expansion of the Prague criteria to permit further detailed descriptions of BO islands has been suggested [42] . Histological diagnosis of BO varies from country to country. The British Society of Gastroenterology (BSG) defines BO as metaplastic differentiation to columnar mucosa however there is no requirement for confirmation of the presence of goblet cells [1] .
This differs from the American Gastroenterological Association (AGA) which defines BO to be the presence of intestinal metaplasia and therefore the presence of goblet cells in oesophageal mucosal biopsies obtained from endoscopically identified areas of columnar mucosa [43] . It is important to note that the absence of goblet cells does remove the increased risk of neoplastic transformation. The presence of goblet cells can fluctuate over time in metaplasia and is inevitably affected by the number and size of biopsies taken [44] . Only endoscopic identification in required in Japan to confirm BO [45] . Despite these variations in definition treatment and surveillance modalities remain similar.
SCREENING
Screening in patients with BO has gained popularity as a way of identifying dysplastic changes prior to 10318 December 21, 2016|Volume 22|Issue 47| WJG|www.wjgnet.com Figure 1 Progression from normal squamous epithelium to oesophageal cancer in Barrett's oesophagus [76] . Figure 2 Despite these recognised anatomical landmarks documentation is challenging and there is the potential for inter and intra-observer variation. A: Normal oesophagus and stomach; B: Hiatus Hernia; C: Short segment Barrett's; D: Long segment Barrett's [77] . 
MANAGEMENT
The visual identification of a suspicious lesion or BO should lead to a biopsy being performed. Targeted biopsies of a lesion should occur first followed by the Seattle Biopsy Protocol which entail four quadrant biopsies every 2 cm [51] . A prospective study has
shown that the use of the Seattle Protocol leads to a significant increase in detection of early lesions [52] . Conversely it has also been shown that non adherence to the Seattle Protocol reduces the detection of dysplasia [53, 54] . Histological analysis should clearly document the level and number of biopsies taken. The presence of the following should be documented by the pathologist; squamous mucosa, glandular mucosa, native oesophageal structures, intestinal metaplasia, glandular dysplasia (indefinite, low, high, intramucosal neoplasia), p53 immunostaining and presence of inflammation (acute/chronic). A summary should be included stating whether there was BO with gastric metaplasia, BO with intestinal metaplasia (± dysplasia) or no BO. Subsequent classification of dysplasia should be done in concordance with the Vienna classification to facilitate surveillance of intervention plans [55] (Table 1) .
BSG guidelines currently advise that the presence of dysplasia should be confirmed by two pathologists due to the implications for diagnosis [1] .
Non-dysplastic Barrett's oesophagus
The current guidance for surveillance in non-dysplastic BO (NDBO) varies significantly across Europe and America. The BSG advise that for NDBO surveillance should occur every 3-5 years for short segment BO (SSBO, < 3 cm) BO and every 2-3 years for long segment BO (LSBO, > 3 cm) [1] . The BSG also advise that patients with histology that is indefinite for dysplasia show undergo re-biopsy at 6 mo and if no definitive dysplasia is found they should be managed as NDBO. The French Society of Digestive Endoscopy (FSDE) advocate surveillance every 5 years for SSBO (< 3 cm), every 3 years for LSBO 3-6 cm and every 2 years for LSBO > 6 cm [56] . The AGA advocate surveillance every 3-5 years for NDBO irrespective of length [43] . The American Society for Gastrointestinal Endoscopy (ASGE) advise considering no surveillance but if required should be every 3-5 years for NDBO [57] . ACG advise 2 OGDs in the first year and then every 3 years if no dysplasia is found [46] .
Low grade dysplasia
In patients with low-grade dysplasia on biopsy the ACG and ASGE advise repeating the OGD within 6 mo and if there is no evidence of high-grade dysplasia evolution into invasive malignancy and therefore potentially improving treatment outcomes. The BSG, the AGA and the American College of Gastroenterology (ACG) does not advocate screening the general population of reflux sufferers as it is not cost effective at identifying BO [1, 43, 46] and 40% of patients with oesophageal adenocarcinoma do not have chronic reflux symptoms [43] . Estimates suggest around that 1 in 4 people suffer from reflux and therefore screening nearly 80 million people in the USA and 18 million people in the UK is neither feasible or cost effective [20] . Screening guidance in high risk populations varies slightly between the United Kingdom and the United States. The BSG guidelines advise that endoscopic screening can be considered in patients with chronic gastrointestinal reflux disease (GORD) symptoms and multiple risk factors (at least three of age 50 years or older, white race, male sex, obesity).
The threshold of multiple risk factors however, should be lowered in the presence of family history including at least one first-degree relative with BO or oesophageal adenocarcinoma [1] . The AGA and ACG recommend screening for Barrett's oesophagus in patients with multiple risk factors associated with oesophageal adenocarcinoma (age 50 years or older, male sex, white race, chronic GORD, hiatal hernia, elevated body mass index, and intra-abdominal distribution of body fat) [43, 46] . New less invasive techniques are being developed; the minimally invasive cell sampling device, cytosponge coupled with immunohistochemical sampling for biomarker trefoil factor 3 (TFF3) have been described to support the diagnosis of BO. In the 93% of patients who were able to complete the test the cytosponge had a sensitivity of 87% and a specificity of 92% in diagnosing BO [47] . Obtaining cytology via a cytosponge also potentially allows for the identification of neoplasia using infrared microscopy but further studies are required [48] . Screening of high risk populations potentially identifies a greater number of patients with Barrett' s oesophagus however this is little evidence to show such regimens reduce the incidence rates of oesophageal malignancy. Risk modelling has been performed to potentially identify as many high risk patients as possible however often Barrett's Oesophagus is present in patients outside current screening guidelines such as men below the age of 40 and women with nocturnal symptoms [49, 50] . Potentially then extend surveillance to every year [46, 57] . The AGA advise surveillance every 6-12 mo [43] , the FSDE advise repeat endoscopy and if Low grade dysplasia (LGD) is confirmed then endoscopy should be performed at 6 mo, 1 year, and then every year [56] . The BSG guidelines were published in 2014 but have been subsequently updated in response to new guidance from NICE (National Institute for Health and Care Excellence). If LGD (confirmed by two pathologists) is identified again 6 mo after the initial endoscopy the patient should be offered endoscopic ablation therapy [58, 59] . Duits et al [60] performed a retrospective analysis of 293 patients with LGD. After re-analysis of histology by expert opinion only 27% were confirmed to have LGD. The patients were followed up for 39 mo and had a conversion rate of 9.1%/year to high grade dysplasia or invasive neoplasia whereas the NDBO population had a conversion rate of 0.6% and 0.9%/ year. A multicentre randomized control trial (RCT) of patients with LGD undergoing radio-frequency ablation (RFA) (n = 68) or surveillance (n = 68) demonstrated at follow up at 3 years 1 % of those receiving RFA has developed HGD/ invasive neoplasia whereas 26.5% of patients in the surveillance arm had developed HGD/ invasive neoplasia [61] . This data are supports a more proactive management approach in these patients.
The differences between the various guidelines are reflective of their year of publication. As new studies have been produced not all guidelines have been actively updated. Only the BSG has formally readdressed this issue. Although French and American guidelines advocate a less aggressive approach for LGD this is unlikely to be reflective of institutional practice, which will be more regularly reviewed and updated to provide up to date local investigation and treatment guidelines.
High grade dysplasia
The BSG advocate endoscopic therapy for High Grade Dysplasia (HGD) while the FSDE advise a second OGD and if HGD is confirmed endoscopic or surgical treatment should be offered at this point. The ACG advise repeat endoscopy within 3 mo and then every 3 mo or consider endoscopic therapy. The ASGE advise either repeat endoscopy within 3 mo or endoscopic therapy and the AGA advise endoscopy every 3 mo in the absence of endoscopic therapy. As endoscopic therapies improve fewer patients are undergoing oesophagectomy for HGD and early carcinoma and patients with HGD who are suitable for endoscopic therapy should be discussed at a multidisciplinary team meeting to formalise care and follow up ( Table  2) . Similarly with LGD, the BSG guidelines are more aggressive and are the most recent published guideline.
ENDOSCOPIC THERAPIES FOR DYSPLASTIC BARRETT'S OESOPHAGUS
Endoscopic therapies can broadly be categorised into two groups tissue acquiring and non-tissue acquiring. Endoscopic resections (ER) are commonly performed on nodular lesions with curative intent. ER is the most accurate way of diagnosing dysplasia or early invasive disease in BO [62] . It is preferred to biopsies in surveillance due to the risk of biopsies missing HGD or invasive disease [63] . ER has an initial eradication of HGD of 90% and complete remission rate of 90% when complete excision is achieved [64] . Recurrence of NDBO at 5 years is around 39.5% and recurrence of dysplasia or cancer is 6.2%. Adverse events including stricturing can occur in up to 47% [64] . RFA is being used increasingly to treat BO and is often used in conjunction with ER to achieve optimum outcomes. Estimates show that with use RFA alone complete eradication of dysplasia can occur in 82%-91% of patients with complete eradication of intestinal metaplasia in 56%-77% [65, 66] . Most studies that assess the use of combined RFA and ER show improved outcomes as compared to RFA alone [66, 67] . Haidry et al [68] however, found that ER before RFA did not provide any additional benefit. RFA in combination with ER can lead to dysplasia eradication in 86-94% with complete eradication of intestinal metaplasia of 88%-90%. Stricture rates without ER are approximately 5%-6.5% and with ER are approximately 7.9%-9% [65, 66, 68] . Cryotherapy is a possible alternative to RFA when an ablative technique is required but has a larger complication profile than RFA and is less frequently used [69, 70] . The BSG advocates the use of ER for dysplasia within visible lesions otherwise RFA is the technique of choice [1] .
ROLE OF MEDICINE AND SURGERY FOR BARRETT'S OESOPHAGUS
Proton pump inhibitor (PPI) therapy has been the mainstay of therapy for patients with symptomatic reflux and evidence exists that PPI use reduces the risk of neoplastic progression in patients with BO [71, 72] . There is no such evidence for H2 receptor antagonists [72] . Anti reflux surgery has been shown to cause regression of BO in between 22% and 35% of patients but 7%-8% of patients will progress to dysplasia despite surgery [73, 74] . Antireflux surgery has not been shown to be significantly better than medical therapy in preventing progression to dysplasia or adenocarcinoma and is therefore not indicated for the treatment of BO ahead of medical therapy. Anti reflux surgery still plays an important role in symptom control from reflux in a proportion of patients. Oesphagectomy plays a primary role in managing oesophageal cancer in patients with disease invading the submucosa or lymph nodes on diagnosis. The 90 day mortality for oesophagectomy has improved in recent years but remains approximately 4.6% and therefore by identifying dysplastic changes early it may be possible to prevent evolution to invasive malignancy that could benefit from oesophagectomy [75] . Different international management guidelines for BO are summarized in Table 2 .
CONCLUSION
The prevalence of Barrett's oesophagus is believed to be between 1.6% and 8%. Barrett's oesophagus is a known precursor of oesophageal adenocarcinoma and the incidence of oesophageal cancer is rising. Although population screening is not yet indicated with the advent of new less invasive cytological screening for Barrett's oesophagus this might change. Advances in endoscopic therapy mean that minimally invasive techniques are beginning to eliminate the role of high morbidity and mortality surgery.
